We perform an analysis of the QCD lattice data on the baryon octet and decuplet masses based on the relativistic chiral Lagrangian. The baryon self energies are computed in a finite volume at next-to-next-to-next-to leading order (N 3 LO), where the dependence on the physical meson and baryon masses is kept. The number of free parameters is reduced significantly down to 12 by relying on large-Nc sum rules. Altogether we describe accurately more than 220 data points from six different lattice groups, BMW, PACS-CS, HSC, LHPC, QCDSF-UKQCD and NPLQCD. Precise values for all counter terms relevant at N 3 LO are predicted. In particular we extract a pion-nucleon sigma term of (39 ± 1) MeV and a strangeness sigma term of the nucleon of σ sN (4 ± 1) MeV. The flavour SU(3) chiral limit of the baryon octet and decuplet masses is determined with (802 ± 4) MeV and (1103 ± 6) MeV. Detailed predictions for the baryon masses as currently evaluated by the ETM lattice QCD group are made.
Introduction
Various unquenched three-flavour simulations for the pion-and kaon-mass dependence of the baryon ground state masses are available [1, 2, 3, 4, 5, 6, 7, 8] . Such data are expected to determine the low-energy constants of the three-flavour chiral Lagrangian formulated with the baryon octet and decuplet fields. A precise knowledge of the latter parameters is crucial for a profound understanding of meson-baryon scattering data based on coupled-channel dynamics as derived from the chiral Lagrangian (see e.g. [9, 10, 11, 12] ).
The chiral extrapolation of baryon masses with strangeness content is discussed extensively in the literature [13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26] . The convergence properties of a strict chiral expansion for the baryon masses with three light flavours are very poor, if existing at all for physical strange quark masses. Different strategies how to perform partial summations or phenomenological adaptations are investigated by several groups [14, 15, 16, 17, 18] . A straightforward application of chiral perturbation theory to QCD lattice simulations appears futile (see e.g. [1, 2, 5, 8, 17] ).
Recently, systematic analyses of lattice data at N 3 LO were performed [21, 22, 23, 24, 25, 26] , where different versions and renormalization schemes for the relativistic chiral Lagrangian were applied. While in [21, 22, 23] the χM S scheme of [14] was used, the EOMS of [27] was used in [25, 26] . Both schemes protect the analytic structure of the one-loop contributions in the baryon self energies as requested by micro causality. In contrast, the IR scheme of [28] was applied in [24] . All three schemes are consistent with the heavy-baryon expansion, and therefore, constitute particular summations of higher order terms. No ad-hoc form factor or cutoff is used in any of those works.
While the works [24, 29, 25, 26] consider either the baryon octet or the baryon decuplet masses, a simultaneous description of all baryon states is achieved in [21, 22, 23] . There is a further difference as to how the octet and decuplet fields are coupled to the Goldstone bosons. In [21, 22, 23 ] the minimal and traditional form that was shown to be compatible with empirical decay properties of the baryon decuplet decays (see e.g. [14] ), was used. The so called 'consistent' coupling form suggested in [30, 31] was applied in [25, 26] . The latter form was not used in [21, 22, 23] since it does not seem to be compatible with the empirical decay pattern of the decuplet states.
The available lattice data were reproduced at different levels. A first simultaneous description of the BMW, PACS-CS, HSC, LHPC and QCDSF-UKQCD data was achieved in [21, 22, 23] . The 6 parameter scenario of [21, 22, 23] demonstrated that it was possible to predict for instance the HSC and QCDSF-UKQCD data in terms of the BMW and PACS-CS data. The idea of a simultaneous description of the lattice data was taken up in [25] , where however only the baryon octet data of various lattice groups were fitted in terms of the 19 parameters relevant at N 3 LO in the baryon octet sector. As compared to [21, 22, 23 ] the number of fit parameters increased significantly. This is in part, since in the 6 parameter scenario of [21, 22, 23] the symmetry conserving counter terms that enter at N 3 LO were not considered. It is difficult to determine them with a subset of lattice data that have sufficiently large lattice volumes so that finite volume corrections can be neglected. Only when considering lattice data with smaller volumes, like the ones provided by QCDSF-UKQCD or NPLQCD, such counter terms can possibly be determined reliably. A first study of finite volume effects at the N 3 LO was performed in [29] , however, with only partial success at smaller volumes. In the follow-up work [25] it was emphasized that in a small lattice volume the baryon decuplet degrees of freedom are needed in a description of the baryon octet masses. Still, even the consideration of that effect did not yet lead to a satisfactory description of the QCDSF-UKQCD results on the 24 3 and 16 3 lattice. Our work is based on the relativistic chiral Lagrangian with baryon octet and decuplet fields where effects at N 3 LO are considered systematically. Here the leading order (LO) corresponds to the chiral limit of the baryon masses and the NLO effects are linear in the quark masses. The details of the approach are published in [14, 16, 21] . A crucial element of our scheme is the use of physical masses in the one-loop contribution to the baryon self energies. Furthermore, the low-energy constants required at N 3 LO are estimated by sum rules that follow from QCD in the limit of a large number of colors (Nc) [32, 21] . The approach was successfully tested against the available lattice data on the nucleon and omega masses of the BMW group [4] . Adjusting eight low-energy constants to the empirical baryon masses we fitted the remaining 6 parameters to the BMW data for the nucleon and omega. In turn we obtained results [21, 22, 23] that are in agreement with the predictions of the PACS-CS, HSC, LHPC and QCDSF-UKQCD groups [1, 2, 3, 8, 33] . It is the aim of our present study to extend the works [21, 22, 23] by considering finite volume effects and possibly arrive at an accurate description of all QCDSF-UKQCD data on the baryon masses. We do not consider discretization effects since in [34, 35] they were estimated to be of minor importance only. Furthermore, we would like to test the quality of the large-Nc sum rules as derived in [32] for the symmetry conserving counter terms. Altogether there are 17 such counter terms contributing to the baryon octet and decuplet masses at N 3 LO. Owing to the sum rules of [32] they can be parameterized in terms of 5 parameters only. Clearly such a study can be performed meaningfully only by a simultaneous consideration of the baryon octet and decuplet masses.
The work is organized as follows. We first derive and present the finite volume effects appropriate for the framework [21, 22, 23] . Using large-Ns sum rules we arrive at a 12 parameter scenario, which is confronted with the lattice data on the baryon masses. As a consequence we predict a set of low-energy constants and precise values for the baryon sigma terms. In addition detailed predictions for the baryon masses as currently evaluated by the ETM lattice QCD group are made.
Baryon self energies in a finite volume
We consider the chiral extrapolation of the baryon masses to unphysical quark masses. Assuming exact isospin symmetry, the hadron masses are functions of mu = m d ≡ m and ms. The dependence on the light quark masses may be traded against a dependence on the pion and kaon masses. For a given lattice data set we use the lattice pion and kaon masses to determine the quark masses as predicted by χPT at the next-to-leading order in a finite cubic volume with V = L 3 . From [36, 37] we recall
in terms of the renormalized mesonic tadpole integralsĪ Q with Q = π, K, η. The latter are computed in the M S scheme at a renormalization scale µ with
where Kn(x) = BesselK [n, x] is the modified Bessel function of second kind in the convention used in Mathematica. For a given set of low-energy parameters f, L i and values for the pion and kaon masses, the quark masses B 0 m and B 0 ms together with the eta meson mass can be determined by (1) unambiguously. There are 4 low-energy constants relevant for the meson masses. The flavour SU(3) chiral limit of the pion decay constant f , together with three combinations
where we recall the values used in [32, 21] 
determined by the eta meson mass. In the following we will initially use the value f = 92.4 MeV together with (3). The stability of this assumption will be investigated later on. We turn to the computation of the baryon masses. The physical mass of a baryon M B of type B is determined by the condition
with the self energy of the baryon Σ B (M B ) incorporating all tree-level and loop corrections. Note that in the case of the decuplet a projected self energy can be used as described in [14] . The self energy is split into its tree-level and loop contribution
where all tree-level contributions vanish in the chiral limit. Explicit expression for the baryon self energies can be found in the Appendix of [21] . There are three types of contributions considered. The first class enters at NLO and is parameterized by the renormalized low-
The second class are wave function renormalization terms parameterized byζ 0 ,ζ D ,ζ F ,ξ 0 and ξ D . Formally they turn relevant at N 3 LO. Finally there are the terms that are proportional to the square of the quark masses. In the octet sector they are labelled withc 0,..,6 and in the decuplet sector they are labelled withē 0,...,4 . All such parameters run on the ultraviolet renormalization scale µ. It is determined by the request that the baryon masses are independent on µ, if expanded to second order in the quark masses. In the Appendix A the running of all low-energy constants encountered in this work is provided.
While for the NLO parameters we do not impose any constraints from large-Nc sum rules we do so for the parameters relevant at N 3 LO. A matching of the chiral interaction terms to the large-Nc operator analysis for the baryon masses in [39] leads to the seven sum rules. We recall from [21] 
valid at NNLO in the expansion. Assuming the approximate validity of (6) at µ = M [8] , it suffices to determine the five parametersc 4 ,c 5 ,c 6 andē 1 ,ē 4 . Analogous relations can be used for the wave-function renormalization terms. As in [21] we apply the following sum rules
The parametersM [8] andM [10] are the renormalized and scale-independent bare masses of the baryon octet and decuplet. They do not coincide with the chiral SU(3) limit of the baryon masses. The latter are determined by a set of nonlinear and coupled equations
where we identified the baryon octet and decuplet masses in the one-loop self energy with M and M + ∆ respectively. The parameter C characterizes the octet decuplet transition coupling strength to a Goldstone boson [14] . We will return to its numerical value below. The loop contributions of the baryon self energies were computed before in the infinite volume limit [14, 21] . Within the χM S scheme it suffices to compute, besides the tadpole integral, a subtracted scalar bubble-loop integralĪ QR (M B ), which depends on a meson mass m Q of type Q ∈ [8] = {π, K, η} and baryon masses
where the term ∆Ī QR (M B ) vanishes in the infinite volume limit. Here the computation of the finite volume correction requires special care [40, 19, 41, 42] . Depending on the specific values of the meson and baryon masses, power-law contributions in 1/L arise. This is contrasted to the exponential behaviour of the Bessel function in the tadpole integral (2) . It is necessary to discriminate two cases here. For subthreshold conditions with M B < m Q + M R we find
with finite volume effects exponentially suppressed. Lüscher's power-law terms [40] arise for M B > M R + m Q . In this case we find three distinct contributions
The first contribution in (11) exactly cancels the imaginary part of (9) that arises for M B > M R + m Q . The second term is given by Lüscher's zetafunction
which we rewrote into a form that is particularly suitable for a numerical evaluation [42] . Finally, the third term specifies further exponentially suppressed contributions, which we expressed in terms of the function
We point out that in a strict chiral expansion of the bubble loop (9) the baryon masses M B and M R are expanded either around M or M +∆. This implies that the condition M B > M R + m Q is never met. Therefore Lüschers finite power-law terms do not arise in any of the computations [24, 29, 25, 26] . This is contrasted by the lattice results that indeed satisfy the condition M B > M R + m Q for various cases in the decuplet sector. It is an important property of our self consistent scheme, in which this dominant and crucial effect is incorporated correctly. Note that even in a case with M B < M R + m Q a chiral expansion of the first term in (10) does not converge.
Before providing explicit expressions for the baryon self energies in a finite box, we address a slight complication. The Passarino-Veltman reduction [43] , on which the χM S scheme rests, requires an additional loop integral, which is needed to express any one-loop diagram in terms of a basis of scalar loop integrals. In the infinite volume limit the latter is redundant with the tadpole integral (2) . We use the following convention
A comparison of (14) with (2) reveals indeed that in the infinite volume limit we have m
Q .
We are now ready to display the baryon self energies in a finite box as implied by the χM S scheme. They are expressed in terms of the loop integralsĪ Q ,Ī QR andĪ (2) Q . We find
where the sums in (15, 16) extend over the intermediate Goldstone bosons
In the infinite volume limit the self energies coincide with the previous expression as derived first in [14, 21] . Upon a systematic expansion of the baryon masses in the quark masses we generate the results of strict chiral perturbation theory. The running of the low-energy constants as described in detail in the Appendix guarantees the independence of the baryon masses on the ultraviolet renormalization scale at N 3 LO.
The coupling constants G (B)
QR are determined by the parameters F, D, C and H that characterize the strength of the meson-baryon 3-point vertices in the chiral Lagrangian. Explicit expressions are listed in [14] . The parameters F and D follow from a study of semi-leptonic decays of baryon octet states, B → B + e +νe. This leads to F 0.45 and D 0.80 (see e.g. [44] ), the values used in this work. Our value of C 1.6 is determined by the hadronic decays of the decuplet baryons (see e.g. [14] ). The parameter H is poorly determined by experimental data so far. Using large-Nc sum rules, the parameters C and H are estimated in terms of the empirical values for F and D [45] . It holds
at subleading order in the 1/Nc expansion. The coupling constants G (χ)
QR probe the renormalized symmetry breaking parametersb 0 ,b D ,b F ,d 0 andd D , which entered already the tree-level contribution in (5). They are detailed in Table I of [21] . We are left with 17 symmetry conserving low-energy constants that determine the coupling constants G (S)
QR . They do not depend on the renormalization scale and are also listed in Table I of [21] . The large number of unknown chiral parameters at this order is reduced by matching the low-energy and the 1/Nc expansions of the product of two axial-vector quark currents [46, 32] . The 17 parameters are correlated by the 12 sum rules
leaving only the five unknown parameters, g
0 , g
1 , g
D and g
1 . We summarize the number of unknown parameters relevant in the baryon octet and decuplet sector. At N 3 LO there are altogether 20 parameters if we rely on the large-Nc relations (6, 7, 18 ).
3 Low-energy parameters from lattice data Our primary goal is the reliable extraction of the low-energy constants from the current lattice data set on the baryon masses. Therefore our analyses rely on the empirical and very precise values for the baryon octet and decuplet masses. Since we do not consider isospin breaking effects nor electromagnetic corrections in our work, we adjust the subset of eight parameters
to the isospin averaged baryon masses. The particular subset (19) is well suited for that purpose, since for given values of the remaining low-energy constants the parameters are determined by the solution of a linear system. The use of the empirical baryon masses as suggested in [21, 22, 23] constitutes a significant simplification. Rather than a fit with 20 free parameters the adjustment of only 12 parameters to the lattice data is required. Here one should recall that for each parameter set the determination of the baryon masses requires the solution of a set of eight non-linear equations that are coupled to each other. We note that the works [29, 25, 26] do not use the physical masses in the loop contribution of the baryon self energy and therefore can not always describe finite volume effects in a reliable and controlled manner.
In the previous works [21, 22, 23] only a subset of the 12 parameters were adjusted to a subset of available lattice data. Data points at small volumes were not considered since the finite volume corrections were not implemented yet. As emphasized before though the subset of lattice data at large volumes can be recovered quite accurately, in such a scheme not all low-energy constants can be determined reliably. Therefore in the scenario of [21, 22, 23] all the symmetry preserving parameters that enter at N 3 LO were put to zero. That left 6 free parameters only that were adjusted successfully to the data of 5 different lattice groups. Moreover it turned out that one parameter, ξ 0 , could not be determined since its impact on the chi-square function was negligible. So in turn, with in fact only 5 relevant parameters the large volume lattice data were reproduced with a typical χ 2 /N ∼ 1 − 2. A remarkable success of the chiral extrapolation that illustrates the consistency of the lattice data from 5 different groups.
In the current work we attempt to determine the full set of low-energy parameters and fit the 12 parameters to the available lattice data set. We form the chi-square
where we take the error (∆M i ) 2 to be the squared sum of statistical and systematic errors We recall that the latter assumption is justified only if the two types of errors are uncorrelated. While the statistical error can be taken from the respective lattice group, the systematic error is poorly known. There are several sources for the latter. Since the available lattice data are evaluated at one lattice spacing only there is an error due to the continuum limit extrapolation. Furthermore, there is an error due to the extraction of the baryon masses from the asymptotic behaviour of their correlation function. One would expect that error to be systematically larger for the decuplet as compared to the octet masses. Finally, there must also be a residual uncertainty from the chiral extrapolation at N 3 LO.
Additional correlated errors stem from an uncertainty in the determination of the lattice scales of the various groups. Such errors must not be included in the chisquare function via (20) . In previous works [17, 19, 29, 25, 26] 
with the correlation matrix
being computed in terms of the error ∆M scale j that is implied by the scale uncertainty. We would argue that such a treatment is not necessarily always adequate, since it neglects the correlation implied by the quark mass determination via (1). The baryon masses are sensitive to the precise quark masses as obtained from the lattice pion and kaon masses. Clearly, this procedure depends on the lattice scale assumed.
In our scheme we can avoid this issue altogether by including the lattice scales of the various groups as free fit parameters. In turn our chi-square function is defined with (20) , where only statistical and uncorrelated systematical errors are required. Here we assume that the unknown systematical errors, to which we will return below, are uncorrelated. The constraint, that we always reproduce the empirical baryon masses, allows us to do so and perform our own scale setting. In the previous work [22] it was demonstrated that for instance the chi-square for the QCDSF-UKQCD data is a very steep function in the lattice scale. The given uncertainty in the lattice scale leads to a large and significant variation of the chi-square, with a typical range of 2 < ∆χ 2 /N < 10. It was argued in [22] that ultimately a controlled chiral extrapolation of the baryon masses, indeed may lead to a very precise determination of the lattice scale.
Finally, before starting a parameter search we have to state our assumption for the systematic errors. In the absence of a solid estimate of the latter, we will let float their size. First, we will perform fits, where only statistical errors are considered. From the quality of such fits we may get a hint about the size of the systematic errors. In a second step we will redo such fits where we assume a non-vanishing systematic but uncorrelated error in order to lower the optimal chi-square down to about χ 2 /N 1. We will assume universal errors for the octet and decuplet masses. A first rough estimate for the expected size follows from the isospin splitting in the baryon masses. Since our scheme and also the lattice groups assume perfect isospin symmetry, such an estimate should constitute a lower bound for the systematic errors. The isospin splitting of the baryon octet masses are in the range of about 1-4 MeV. A similar range is observed for the decuplet masses. The uncertainty in the low-energy parameters will be deduced from a variation of parameters as they come out of the fits with different sizes of the systematic error. We take all data points from PACS-CS, HSC, LHPC, QCDSF-UKQCD and NPLQCD into account with a pion mass smaller than 600 MeV. In the Figs. 1-5 the lattice data are shown in physical units using already the optimal lattice scales as they come out of our optimal fit. We chose a representation linear in the pion mass as to highlight the approximate linearity of the baryon masses in that parameter [1, 47, 48] . The scattering of the different lattice points reflects different choices for the kaon masses. Our chi-square functions exclude the data points of the BMW collaboration since they are not made available publicly. A comparison with their nucleon and omega mass as displayed in a figure of [4] for their smallest lattice spacing will be provided below nevertheless. Finally we exclude all data points from LHPC on the decuplet states, with the exception of the omega baryon. We found no way to reproduce the ∆, Σ * and Ξ * masses in any Table 1 The parameters are adjusted to reproduce the baryon octet and decuplet masses from the PACS-CS, HSC, LHPC, QCDSF-UKQCD and NPLQCD groups as described in the text. The remaining low-energy parameters are determined by the large-Nc sum rules (6, 7, 17, 18) together with the condition that the isospin averaged masses of the physical baryon octet and decuplet states are reproduced exactly.
of our fits and therefore consider them as outliers. The consequence of our best fit will be confronted with those data points also. Stable results for the low-energy constants require a simultaneous fit of all data points included in our chi-square function. Leaving out for instance the octet data from LHPC leaves a rather flat valley in the chi-square function along which the low-energy parameters may change significantly. A determination of the symmetry conserving parameters relevant at N 3 LO is most sensitive to the QCDSF-UKQCD data on their 16 3 , 24 3 and 32 3 lattices and the NPLQCD data for the baryon octet masses on their 16 3 , 20 3 , 24 3 and 32 3 lattices. Since the PACS-CS and HSC data are for quite distinct values of the pion and kaon masses, as compared to QCDSF-UKQCD and NPLQCD, it is crucial to keep their data in the chi-square function also.
In the Figs. 1-5 the result of our best fit is confronted with the data from the various lattice groups. An excellent reproduction is achieved with 12 free parameters only. The total chi-square per number of data point is χ 2 /N 1.255. The corresponding low-energy parameters correspond to Fit 1 in Tab. 1. We do not provide any statistical error estimate since they are negligible. This is because we describe more than 220 data points with 12 parameters only. The stability of our solution is studied by assuming an additional systematic error for the octet and decuplet masses of 3 and 6 MeV respectively. A new parameter search was performed, which results are shown under Fit 2 in Tab. 
Our result is compatible with the previous estimates in [22] . We remind the reader that our chi-square definition does consider statistical errors as given by the lattice groups only. The uncertainty from the scale setting is considered by keeping the various lattice scales as free parameters. In Tab. 2 we show the lattice scales as they come out of our four different fits. Note that the lattice scales of the NPLQCD and HSC groups coincide. It is reassuring that we obtain values that are compatible with the scale determination of the lattice groups within their estimated uncertainties. We find remarkable that the variance of the lattice scales found for our 4 different fits is at the five per mil level.
In Figs. 1-5 a detailed comparison of our Fit 1 results with the lattice data is offered. We affirm that any of the other scenarios would lead to almost in- distinguishable figures. In Fig. 1 we confront our results for the baryon octet masses with those of PACS-CS, HSC and LHPC. From our global fit we obtain χ 2 /N 1.73, 0.72, 1.93 respectively, where the chi-square is evaluated according to (20) . Only statistical errors are considered. The uncertainties in the lattice scales were taken into account by including the latter into the parameter search. If we instead compute the chi-square with respect to (22) as advocated in [17, 19, 29, 25, 26] we obtain significantly smaller values χ 2 /N 1.26, 0.58, 1.69. From this we conclude that the use of the correlation matrix in the form of (22) is not always adequate.
In Fig. 2 we collected the data from the QCDSF-UKQCD collaboration for the baryon octet masses at three different lattice volumes. Our global description implies chi-square values (22) . It is noteworthy that the lattice data are well described for all three lattice volumes. This was not possible in the previous works [29, 25] , which considered exclusively the four octet masses in terms of fits with their 19 free parameters. A further important constraint for the low-energy parameters arises from the accurate data of the NPLQCD group, which we scrutinize in Fig. 3 . Our global fit describes the latter with a χ 2 /N 1.75 and χ 2 /N 1.46 according to (20) and (22) respectively. The chi square is largely dominated by an outlier, the sigma baryon mass for the 16 3 lattice. We turn to the decuplet masses. In Fig. 4 While we achieve an excellent description of the PACS-CS and HSC data we fail to recover the ∆, Σ * and Ξ * masses of the LHP collaboration. As mentioned before the latter are considered as outliers and consequently were excluded in our definition of the global chi-square functions. From Fig. 4 one may speculate that there is some tension in the data of LHPC as compared to PACS-CS and HSC, at least for the ∆ where the slightly different strange quark masses used are expected not to be relevant.
In Fig. 5 we confront our results with the QCDSF-UKQCD simulations for the decuplet masses. We refrain from using a speed plot representation suggested in [7] and also used in previous works [23, 26] . As already shown in [48] not taking the particular ratios required by the fan plots reveals interesting and additional information on the baryon decupet states. Our description of the lattice is characterized by the following chi-square values χ 
along the five particular points on the 24 3 lattice. It is an amusing observation that the step size in the symmetry breaking quark mass ratio coincides with the corresponding step size in the pion mass. To this extent the linear behaviour seen in the Fig. 5 is a direct consequence of the well known equal spacing rule for the decuplet masses. An expansion of the decuplet masses in the parameter ms − m at fixed value of 2 m+ms provides an accurate description of the masses already with only the linear term kept. Given our framework there is no way to generate the significant departure of the lattice data for the Ξ * and Ω masses from the straight dashed lines as shown in Fig. 5 . We conclude that the linearity of the decuplet fan plots [7] is in part a subtle consequence of taking particular ratios.
As a final consistency check of our lattice data description we provide Fig.  6 , where our results are compared with the unfitted BMW data as taken from a figure in [4] for their smallest lattice spacing. The chi square of our description is estimated with χ 2 /N 0.82 and therefore gives us further confidence on the reliability of our chiral extrapolation. Unfortunately, corresponding results for the remaining members of the octet and decuplet states are not available publicly.
Based on the successful description of the currently available lattice data on the baryon masses we find it justified to generate detailed predictions for ongoing (27) within the range obtained in [34] . Taking the lattice scales (27) we compute the nucleon mass with respect to the ETM specifications and obtain with our Fit 1 parameters a χ 2 /N 0.65, χ 2 /N 1.89 and χ 2 /N 0.29 for the three beta values. In the last eight columns of Tab. 3 we give our predictions for the baryon masses, where we take the average of the results obtained with our 4 different fit scenarios. The uncertainty is smaller or equal to 0.002 for all cases.
The pion-and strangeness baryon sigma terms are important parameters in various physical systems. They play a crucial role in dark matter searches (see e.g. [50, 51] ). The strangeness sigma term is a key parameter for the determination of a possible kaon condensate in dense nuclear matter [52] . The pion-nucleon sigma term is of greatest relevance in the determination of the density dependence of the quark condensate at low baryon densities and therefore provides a first estimate of the critical baryon density at which chiral symmetry may be restored (see e.g. [44] ).
Assuming exact isospin symmetry with mu = m d ≡ m, the pion-nucleon sigma term σ πN and the strangeness sigma term σ sN are defined as follows
The sigma terms of the remaining baryon states are defined analogously to (28) . In Tab. 4 we present our predictions for the pion-and strangeness sigma terms of the baryon octet and decuplet states for our parameter sets of Tab. 1. The sigma terms for the octet states are compared with two recent lattice determinations [6, 53] . Our values for the non-strange sigma terms are in reasonable agreement with the lattice results. In particular, we obtain a rather small value for the pion-nucleon sigma term σ πN (39 ± 1) MeV, which is compatible with the seminal result σ πN = (45 ± 8) MeV of Gasser, Leutwyler and Sainio in [54] . The [6] [ size of the pion-nucleon term can be determined from the pion-nucleon scattering data. It requires a subtle subthreshold extrapolation of the scattering data [55] . Despite the long history of the sigma-term physics, the precise determination is still highly controversial (for one of the first reviews see e.g. [56] ). Such a result is also consistent with the recent analysis of the QCDSF collaboration [57] , which suggests a value σ πN = (38 ± 12) MeV. In contrast there appears to be a slight tension with the recent analysis [58] that obtained σ πN = (52 ± 3 ± 8) MeV based on flavour SU(2) extrapolation of a large selection of lattice data for the nucleon mass.
Our estimate for the strangeness sigma term of the nucleon with σ sN = (4 ± 1) MeV is in agreement with the currently most precise lattice predictions σ sN = 12 +23 −16 MeV in [57] and σ sN = (8.5 ± 14 ± 15) MeV in [59] . For the strangeness sigma terms of the remaining octet states there appears to be a striking conflict amongst the values obtained by the BMW and QCDSF-UKQCD groups. While for the nucleon and lambda our predictions are quite close to the values of the BMW group, this is not the case for the sigma and xi baryon where we predict sigma terms closer to the values of QCDSF-UKQCD.
The sigma terms for the baryon decuplet states are compared with three previous extrapolation results [17, 22, 26] . Our values in Tab. 4 are consistent with the previous analysis [22] , based on the same framework used in this work. We observe that though the inclusion of finite volume effects is instrumental to determine the values of the symmetry preserving counter terms, the overall effect on the baryon decuplet masses at large volumes turns out rather small. There is also quite a consistency with the decuplet sigma terms obtained in [17, 26] .
Summary
In this work we reported on a comprehensive analysis of the available three flavour QCD lattice simulations of six different groups on the baryon octet and decuplet masse. We obtained an accurate 12 parameter description of altogether more than 220 lattice data points, where we kept all data with pion masses smaller than 600 MeV. Our study is based on the relativistic three-flavour chiral Lagrangian with baryon octet and decuplet degrees of freedom. The baryon self energies were computed in a finite box at N 3 LO, where the physical masses are kept inside all loop integrals. The low-energy parameter were constrained by using large-Nc sum rules. In contrast to previous works all power-law finite volume corrections are incorporated for the decuplet baryons. We found their effects to be significant.
Accurate predictions for all relevant low-energy parameters were obtained. In particular we extracted a pion-nucleon sigma term of (39 ± 1) MeV and a strangeness sigma term of the nucleon of σ sN (4 ± 1) MeV. The flavour SU(3) chiral limit of the baryon octet and decuplet masses was determined with (802 ± 4) MeV and (1103 ± 6) MeV. In our fits we used the empirical masses of the baryon octet and decuplet states as a constraint. That allowed us to perform independent scale settings for the various lattice data. We obtained results for the lattice scales that are compatible with previous estimates, but appear to be much more accurate. Detailed predictions for the baryon masses as currently evaluated by the ETM lattice QCD group are made. 3 ) +M [10] (h
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